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CONVERSION FACTORS, VERTICAL DATUM, SYMBOLS, AND MACHINE-READABLE FILES 

Multiply By To obtain 

millimeter (mm) 0.03937 inch 

meter(m) 3.281 fool 

kilometer (Ian) 0.6214 mile 

kilogram (kg) 2.205 pound, avoirdupois 

liter (L) 0.2642 gallon 

degree Celsius (OC) 1.8, then add 32 degree Fahrenheit 

Vertical datum: 

In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a geodetic datum 
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called 
Sea Level Datum of 1929. 

Symbols used in this report: 

GH Gage height in millimeters of antifreeze-water solution in the collection tank. 

GH, Measured initial height in millimeters of antifreeze in the collection tank after empIying and recharging. 

GP. Measured distance in millimeters from the lower fixed reference pen trace to the precipitation pen trace. 

GP, Measured distance in millimeters from the instrument reference point to the precipitation pen in lap no. I, 
measured during service visits. 

GV, Measured height in millimeters of the antifreeze-water solution in the gage collection tank, measured during 
service visits. 

kgIL Kilograms per liter. 

4 Chart "lap" correction iflap no. is greater than 1. Lap no. and pen position are determined from chart 
measurements when the chart is analyzed. 

LP, Average ofthe measurements in millimeters made at the beginning and end of each chart from the instrument 
reference point to the lower fixed pen, measured during service visits. 

LV. Measured distance in millimeters from the lower fixed pen trace to the upper fixed pen trace. 

P Daily precipitation catch in millimeters. 

PM Total depth in millimeters of antifreeze-water solution in the gage collection tank on a given day. 

P M. l Previous day's maximum depth in miUimeters of antifreeze-water solution in the gage collection tank. 

T Daily average air temperature in degrees Celsius. 

To Temperature in degrees Celsius that produces a liquid densiIy of 1.00 kgIL for a given water concentration, 
depends on the value of W (table 8). 

Teo Calculated difference in degrees Celsius between the temperature recorded on the strip chart and 
simultaneous calibration thermometer readings. 
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TP Calculated distance in millimeters between the instrument reference point and the temperature pen trace at 
the time the data were recorded. 

TPc Measured distance in millimeters from the lower fixed pen trace to the temperature pen trace. 

U Pr Average of the measurements in millimeters made at the beginning and end of each chart from the instrument 
reference point to the upper fixed pen, measured during service visits. 

W Ratio of water to total liquid in the precipitation gage collection tank. 

Wo Water concentration that produces a liquid density of 1.00 kgIL for a given temperature To (table 8). 

dP/tIT Density/temperature gradient constant, -6.67xIO-4 (kgIL)lOC. 

dp/dW Antifreeze-water solution density variable, depends on the value ofW (table 8). 

p, Antifreeze-water solution density. 

p/Pw Relative density of antifreeze-water solution, where Pw is the density of water. 

Machine-readable files: 

The daily air temperature and precipitation data contained in this report have also been recorded on easily copied 
computer media. The machine-readable data files are available from the World Data Center, Campus Box 449, 
University of Colorado, Boulder, CO 80309 and on data disk attached to the inside back page of this report. 
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Air Temperature and Precipitation Data, 
Wolverine Glacier Basin, Alaska, 1967-94 

By Ben W. Kennedy 

Abstract 

Daily, monthly, and annual average air temperature and precipitation-catch data were 
recorded at Wolverine Glacier basin, Alaska, between June 1967 and September 1994. The record
ing station provides the only high-altitude, long-term, year-round climate data for the mountains 
of south-central Alaska. The data set is 95 percent complete. Monthly precipitation-catch and aver
age air temperature summaries are calculated for months with nine or fewer daily records missing. 
Annual data summaries are calcl)lated for each hydrologic year, October I through September 30, 
for years that have 12 months of valid data. 

The average annual air temperature recorded at the site from 1967 through 1994 was 
-1.4 degrees Celsius (0C). The coldest recorded year was 1972 with an average annual temperature 
of -3.2°C. The warmest year was 1981 with an average annual temperature of 0.4 °C. January 1989 
was the coldest month with an average temperature of -14.0°C. July 1993 was the warmest month 
with an average temperature of 1O.2°C. 

The average annual precipitation catch recorded at the site from 1967 through 1994 was 
1,064 millimeters (mm). The highest annual precipitation catch recorded was 2,Oll mm in 1980; 
the lowest was 690 mm in 1972. The highest recorded monthly precipitation catch was 426 mm in 
September 1976 and the lowest was 4 mm in February 1989. Because oflow gage-catch efficiency, 
the reported annual precipitation-catch data are estimated to represent only 33 percent of the actual 
annual basin precipitation. Snowfall is the dominant form of precipitation and usually accumulates 
on the glacier from September through mid-June. 

INTRODUCTION 

Wolverine Glacier is the southeru member of a relatively small unnamed ice field, about 
44 km in length, located on the Kenai Peninsula in south-central Alaska (fig. 1). Other major gla
ciers that drain from this ice field include Whittier, Portage, Spencer, Bartlett, Taylor, and Tebenkof 
Glaciers (Rennick, 1993). The Wolverine Glacier climatological station (tat 6Oo23'N., long 
148°55'W.) records the only known high-altitude long-term, year-round climate data for the moun
tains of south-central Alaska. Air temperature and precipitation-catch data recorded at Wolverine 
Glacier basin between June 1967 and September 1994 are presented in this report in tabular and 
electronic formats. 

BaCkground 

Wolverine Glacier is one of three long-term climate and glacier monitoring sites operated by 
the U.S. Geological Survey in North America. Glaciologic, climatologic, and hydrologic research 
began at the glacier during 1966 as part of the International Hydrological Decade Program (Mayo 
and March, 1990). The purpose of the Wolverine Glacier research program is to develop a better 
understanding of long-term climate variations and glacier processes in order to quantitatively pre
dict the effect of glaciers on global sea level, water resources, and hydrologic hazards. 

INTRODUCTION 1 



160· 147· 
6~·r-------------------~~~--~~~---.-------------'~,,--~~~-'--~ 

59· 

KEN A I 

GULF OF 

o 60 KILOMETERS 
~1--~lrL!~!~I~~I~1 
o 10 20 30 MILES 

1600~'~~~ 
" ~,tfP "" __ """\,"~"_"" 
~ \ ¢. "" 

~ 't> J 

\ , 
\ ] '''~',' 

"" I / (?f'Ooo- / CONTOUR INTERVAL 
( -~ 100 METERS 

:ff-!i
00-...........d KILOMETERS 

~r temperature .. _ 77 0 1 2 
.. and , 800--f--.), I 

- gage /' I \ Ot----'--TI--' 
~\ 1 MILE 

/
• ~~/'\ \ - .. -Or.hwgebound...-y 

• \ \. -----Glacl .. boundary 

'-J \ )\'\',;0<> Ct- f-£.>[:--
( WOLVERINE GLACIER 

Figure 11 Location of Wolverine Glacier and instrument sites in the drainage basin, Kenai 
Mountains, Alaska. 
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Purpose and Scope 

Air temperature and precipitation-catch data described in this report were recorded for the 
purpose of studying climate variations, determining dates of important glacier mass balance 
events, and investigating the effects of climate variation on glaciers. ,The purpose of this report is 
(1) to provide a comprehensive climatological data set for Wolverine Glacier in tabular and elec
tronic format, (2) to summarize current methods used in measuring, calculating, and reporting 
Wolverine Glacier air temperature and precipitation data, and (3) to correct minor errors in previ
ously published data (Mayo and others, 1992). 

Precipitation catch and air temperature data have been recorded at Wolverine Glacier basin 
since June 1967. The data set is 95 percent complete. Equipment malfunctions account for the 
missing data. Dates of missing and estimated records are listed in table 1 (p. 18 of this report). 
Monthly precipitation catch and average air temperature summaries are calculated for months with 
nine or fewer daily records missing. Annual data summaries are calculated for the hydrologic year 
(Hy), October 1 through September 30, for years that have 12 months of valid data. Monthly and 
annual average air temperature values are presented in table 2 (p. 19). Monthly and annual precip
itation-catch values are presented in table 3 (p. 20). Monthly and annual air temperature and pre
cipitation data are also presented in graphical form in Appendix A, figures Al through A7. Daily 
average air temperature values are reported in table 4 (p. 21-48) and daily precipitation-catch val
ues are reported in table 5 (p. 49-76). Daily, monthly, and annual air temperature and precipitation 
data are included on a data disk in Appendix B. 

Much of the background information presented in this report is based on an earlier publica
tion of 1967-88 Wolverine Glacier climatological data by Mayo and others (1992). 

Previous Investigations 

Analyses of glacial and climatic processes at Wolverine Glacier basin include: 1966 mass 
balance (Meier and others, 1971); 1967 through 1988 air temperature and precipitation records 
(Mayo and others, 1992); glacier growth in a warmer, wetter climate (Mayo and March, 1990); 
observed and predicted effects of climate change on Wolverine Glacier, southern Alaska (Mayo 
and Trabant, 1984); 1967 mass balance (Tangborn and others, 1977); and estimation and effects of 
internal accumulation (Trabant and Mayo, 1985). 

Instrument Site and Climate Description 

The Wolverine climatological station is located at an altitude of 990 m on the crest of a 
tundra-vegetated glacial moraine along the western boundary of the basin (fig. 1). The station is 
slightly lower than the glacier's average equilibrium line altitude and approximately 500 m from 
the west edge of the glacier. 

Wolverine Glacier is located in the subpolar-maritime climate of south-central Alaska, near 
the Gulf of Alaska. Intense storms with high winds and abundant precipitation frequently pass 
through the area. These storms are generally associated with the Aleutian Low, a persistent atmo
spheric low-pressure area in the Gulf of Alaska region. Snowfall is the dominant form of precipi
tation and usually accumulates on the glacier from September through mid-June. Annual snowfalls 
of 6 m or more are common in the basin and temperatures usually range from -25·C to + 15·C. High 
winds prevent deep snow from accumulating at the recording site. 
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DATA COLLECTION 

Equipment 

Station equipment consists of an air temperature sensor in a vented shelter, a precipitation 
gage with a windshield and steel storage tank, and an analog strip-chart recorder mounted inside a 
shelter on the storage tank (fig. 2). The meteorological equipment has remained essentially the 
same since the station began operation in 1967. 

Figure 2. Air temperature and precipitation gage site at Wolverine Glacier, 
Kenai Mountains, Alaska. 

Air Temperature Sensor 

Air temperature is recorded using a copper-finned, liquid-filled (20x300 mm) temperature 
sensor and an analog recorder with a sensitivity of 0.2·C. Temperature variations induce a liquid 
volume change in the sensor bulb that expands and contracts a bellows mechanism attached to the 
recorder. The bellows mechanism moves the temperature pen on the strip-chart recorder. The sys
tem is designed for operation in temperatures between -40'C to +50·C. The sensor is housed in a 
vented white wooden radiation shelter 1.5 m above ground level (fig. 3). The bottom of the shelter 
is open to allow snow, blown through the ventilation slots, to fallout. Approximately 30 percent 
of the sensor is enclosed by a wooden support. A high quality alcohol-in-glass thermometer, accu
rate to ±O.l T, is taped to the sensor to provide temperature calibration data during service visits. 
The south wall of the shelter has a narrow open slot (fig. 3) to allow the sun to warm the tempera
ture sensor for approximately 15 minutes at the same time each day. On clear days, solar warming 
produces a distinct peak on the temperature record. These "sun peaks" occur at I p.m. Alaska Stan
dard TIme (AST) and at 2 p.m. Alaska Daylight Saving Tlffie (ADST) and are used as time cali
bration marks on the strip-chart record. 
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Figure 3. Shelter for the air temperature sensor. 

Precipitation Gage 

Precipitation is measured using a precipitation storage gage with a sensitivity of 1.0 nun of 
precipitation catch. The gage has a conical top with a 0.305-m-diarneter orifice surrounded by a 
windshield. The steel collection tank is painted white, and an analog chart recorder is housed inside 
a shelter mounted on the collection tank (fig. 2). The gage orifice is 3 m above ground level. The 
upper section of the gage is painted dark green to absorb sunlight and help prevent ice and snow 
from accumulating on the inside walls of the gage. Windshield panels at the top of the gage are 
designed to move with the wind to prevent snow froin capping the orifice. The windshield approx
imates the shape of a Nipher Shield (Warnick, 1953). 

The storage tank contains a self-mixing antifreeze (Mayo, 1972). An oil layer prevents evap
oration of stored precipitation and the white color of the collection tank reduces solar warming of 
the stored antifreeze-water solution. The height of the antifreeze-water solution in the gage collec
tion tank is sensed by a 0.3-m-diameter float and recorded continuously by the precipitation gage 
pen trace on the strip chart. The system is designed for operation in temperatures above -40·C. 

Chart Recorder 

Precipitation catch and air temperature are recorded by a spring driven, multi-pen strip-chart 
recorder (Leupold & Stevens, Type A35 J). The recorder will operate for approximately 5 months 
between servicing visits, recording analog data on a continuous basis. Service personnel establish 

1 The use of brand, finn, or product names in this report is for identification purposes only, and does not constitute 
endorsement by the u.s. Geological Survey. 
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the starting position of the recorder pens on each strip chart. The temperature pen responds directly 
to air temperature changes. The precipitation gage pen records liquid depth; daily precipitation 
catch is calculated from the cumulative precipitation catch. Because large amounts of precipitation 
may accumulate in the gage collection tank between service visits, the precipitation pen mecha
nism is designed to reverse its direction of travel when it reaches either the top or bottom edge of 
the chart. Each reversal of pen direction is assigned a lap number (fig. 4) when the chart is ana
lyzed. 

Precipitation Gage Pen Trace Reversing Directions 

Recorder Chart I I I I I 
- - --- -r- ---- - -1-- - - - - +- -- -- --~------I- -- +-- - - --

I I I I I I I ------r-----'- ----,---- -T------r-----'- ----T------______ L ___________ ~ ____________ L ___________ ~ _____ _ 

I I I I I I I 
------~-- --~------~------.-- ---~--- --1------+------

I I I I I I I 
------r. ----.------,------r---- r ----,------T------

Lap 1 Lap 2 Lap 3 

May June July Aug Sept Oct 

Figure 4. Simulated record of the precipitation gage pen reversing directions at the 
-upper and lower edge of the recorder chart and corresponding lap numbers assigned 
when the chart is analyzed (modified from Mayo and others, 1992) . 

Operating Problems 

The most serious equipment problem has been the occasional stoppage of the strip-chart 
recorder clock. Recorder malfunctions occur most commonly during cold winter months, though 
gaps in the chart record also occur during summer months (table 1). 

Before June 1968, precipitation catch data were adversely affected by windblown snow 
entering the storage tank through the recorder shelter. During June 1968, a double-walled recorder 
shelter, an internal baffle, and a new orifice windshield were added to the gage. The 1968 wind
shield wore out and was replaced in June of 1980. 

Although the windshield on top of the precipitation gage is operational and the gage orifice 
is painted dark green to absorb sunlight, snow occasionally sticks on the inside of the gage above 
the antifreeze solution level. When temperatures rise, this snow falls into the collection tank pro
ducing spikes on the precipitation-catch record. These precipitation spikes are reported as precip
itation catch on the day they occur; however, caution should be used when analyzing these reported 
daily values because they may include precipitation from previous days. Table 6 (p. 77) lists the 
dates that precipitation spikes occur. 

6 Air Temperature and Precipitation Data, Wolverine Glacier Basin, Alaska, 1967.g.t 






























































































































































































